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 ABSTRACT
 
, The purpose of this study was to .determine the
 
prevalence of Lyme Disease (.LD) bacteria in adult Ixodss
 
paciflcus ticks collected from: the mountains of San
 
Bernardino County in Southern California. Seven hundred
 
fifty fodr I. paciflcus adults were collected from the
 
Pacific crest Trail and adjacent areas. The Polymerase
 
Chain Reaction (PCR) was used to screen ticks for Borrelia
 
buxpdoTfsi^l infeotion by tarpetinp two different DNA loci.
 
Oligonucleotide primers targeting both the ospA and fla
 
genes were used in this assay..Ticks were processed in
 
pools of three, and genomic DNA from the ticks was
 
extracted with a commercial mini~kit utilizing silica
 
matrix spin-columns. All ticks tested negative for B.
 
burgdorferi infection regardless of primer pair used. In
 
addition, ticks were negative following examination by
 
dark-field microscopy. This study,confirms previous reports
 
that the prevalence of LD in Southern Cali.fornia is quite
 
low•
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 CHAPTER ONE ■ 
- iNTRODUCTlON ■ 
• Description of Lyme Disease
 
Lyme disease (LD) or Lyme botreliosis (LB) is a
 
multistage, multisystem,, inflammatory disorder which may be
 
transmitted to humans when they, are bitten by ticks
 
harboring certain species of Borrelia bacteria (Centers for
 
Disease Control and Prevention, 1999a). Borrelia are cork
 
screw shaped bacteria known as spirochetes that, are part of
 
a natural enzootic cycle of infection between wild animals
 
a.nd ticks. When ticks drink the blood of an infected animal,,
 
they may ingest spirochetes and then transmit uhe bacteria,
 
to another animal during subsequent, feedings. An arthropod
 
that transmits a pathogenic microbe is known as a vector,
 
and a disease of wild animals that can infect humans, is a
 
zoonosiS. At this time, it: appears that only some ticks of
 
the genus Ixodes can transmit LD to humans..Newly recognized,
 
in the mid-1970's, LD has become the most commonly reported
 
vector-borne, disease in the U.S. and Europe (Centers for ­
Disease Control and Prevention, 1995b; Barbour and Fish.,
 
1993). In the U.S. LD came under national surveillance in
 
1982 and since then.the number of cases has increased 25­
fold (Centers for Disease Control and Prevention, 1996;.
 
Centers for Disease Control and Prevention, 1999a). From ,
 
1982 to 1998, over 128,000 cases of LD have been reported.
 
In 1996, about 16,450 cases of LD were reported in the U.S.
 
(Centers for.Disease Control and Prevention, 1997b). This
 
number decreased in 1997 to about 12,800,. but data for 1998
 
indicates about 16,800. reported cases^ (Centers for Disease
 
Control and Prevention, 1999b). In the U.S. this increase is
 
the result of several factors such, as, improved surveillance
 
and reporting, enhanced diagnostic procedures, and the rapid
 
expansion of the tick's geographic range (Centers for
 
Disease ControL and Prevention, 1997b). It is thought that
 
-approximately 50,000 cases per year occur in Europe
 
(O'Connell et al., 1998).
 
Brief History of Lyme Disease
 
Lyme disease was first described as a distinct disorder
 
in 1977 following an unusual outbreak of arthritis in a
 
group of children near Lyme, Connecticut (Steere et al..,
 
1977b). Though these cases were originally thought to be
 
juvenile rheumatoid arthritis,. investigators.found clues
 
that pointed to an arthropod transmitted disease (Steere^
 
1989; Steere et al., 1978a; Steere etal., 1978c; Steere,
 
2001). Epidemiologists noted the clustering of the cases in
 
a wooded rural area. In addition, many infected persons
 
noted a "bull's-eye" shaped rash that preceded the
 
arthritis,, and several re.called a tick bite. The lesion
 
reminded investigators of a.similar disorder in Europe,
 
known as erythema migrans.(EM) or erythema chronicum migrans
 
(ECM) (Steere et al.,,1977a; Steere et al., 1978a). Decades
 
ago Europeans described tick-borne disorders that must have
 
been Lyme disease (Steere., 1989; Piesman, 1987). For
 
example, in 1909, the Swedish dermatologist Arvid Afzelius
 
described an unusual expanding, rash on a patient (Jaenson,
 
1991). He named the disorder erythema migrans and.suggested
 
that it was caused by a tick known today as Ixod.es ricinus.
 
Later, other, Europeans reported observation, of spirochete-

like structures in skin specimens from patients with EM and
 
that this condition responded well to penicillin. Indeed,
 
the first recorded case of EM in North America was reported
 
by Scrimenti (Scrimenti, 1970). Scrimenti knew of the
 
European studies, and used penicillin to successfully treat
 
a Wisconsin patient in 1969. The intensive search for an
 
arthropod vector in the northeast settled on the newly
 
described (Steere et al., 1978a) deer tick Ixodes dammini
 
Spielman, Clifford, Piesman & Corwin (Spielman et al., 1979;
 
Steere and Malawista, 1979) .. Later research would show .that
 
I. dammini was not a separate species, but a northern
 
variant of the widespread tick I. scapularis Say (Oliver Jr.
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et al./ 1993). In 1981, Burgdorfer and colleagues at the
 
Rocky Mountain Laboratories in Montana isolated a new
 
treponema-like spirochete from New York specimens of I.
 
scapulatis and speculated that it was the,agent of LD
 
(Burgdorfer et al., 1982). After similar spirochetes were
 
isolated from LD patients' tissues (Steere etal., 1983b;
 
Steere et al., 1984a; Benach et al., .198,3; Berger et al.,
 
1985) the etiology of LD became.clearer. In 1984 the,
 
previously unknown'spirochete was designated Borrelia
 
burgdorferi Johnson, Schmid, Hyde, Steigerwalt, & Brenner
 
(Johnson et al., 1984).
 
Pathology
 
The pathology Of LD,is complex, and includes a plethora
 
of manifestations (Steere etal., ,1983a; Steere, 1989;
 
Steere etal., 1984b; Centers for Disease Control and
 
Prevention, 1999a; Steere, 2001). The spectrum of symptoms
 
can range from temporary and asymptomatic to chronic and ,
 
severely debilitating. Clinical manifestations of LD are
 
divided into early or late infection. Early,infection is
 
characterized by stage 1 and stage 2 symptoms., while late
 
(persistent,) infections exhibit stage 3 symptoms (Asbrink
 
and Hovmark, ,1988). Early stage LD responds very well to
 
  
antibiotic therapy,,, . but late stage LD becomes„ progressively
 
more difficultvtb treat.
 
, stage 1.LD may begin,from' 3. to 30 days (,ns 7-14 ,
 
days) post infection and is characterized by the erythema
 
migrans rash (which ,occurs in of,patients) at the',
 
site of the:tick bite.. At thia point the: infection is
 
localized but often associated with flu-like symptoms, such •
 
as feyer/' headache, and inyalgia. The rash usually fades in
 
three: to four.weeks;.: ; ■ ; : 
Stage 2 results as,., the spirochetes. disseminate frOm the
 
region of;the.bite to othet areas, of the body via blood and,
 
lymph.(Various .organ systems may be affected often, including
 
the, nervous, musculoskeletal,. respiratory, system and
 
lymphatic systems. Organs such as the heart, eyes, liver and
 
kidneys can also be affected. Symptoms include secondary .
 
rashes, headaches, arthritis, malaise, .fatl^ne,
 
encephalitis. Bell,'s palsy,, and lymphadenopathy.
 
Stage 3 occurs during late .infection and is
 
characterized by-proiohged bouts of arthritis or chronic
 
. arthritis^ chronic encephalomyeiitis., keratitis, and subtle
 
mental disorders are sometimes, observed. The skin disorder
 
. acrodermatitis chronica,atr-OphicahS (AGA): may result from(a
 
persistent LD infection (Steere, 198'9; Steere, 2001). First
 
-described decades, ago in Europe, ACA appears years,after the
 
■ ' ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ : ■ . ■) ■■■ ' ■ : ■: ■■ 
initial infection as a swollen discoloration near the
 
original tick bite. It progresses to atrophy of the skin and
 
may lead to damage of bones and joints. Chronic and severe
 
fatigue is also a hallmark of persistent late stage LD.
 
Diagnosis
 
Diagnosis of LD has long been problematic for several
 
reasons (Wang et al., 1999; Steere, 1989; Barbour and Fish,
 
19.93; Steere, 2001)v Since 20-40%: of cases do not present
 
with EM, the lack of this clinical.feature coupled with the
 
myriad symptoms of LD usually impede accurate diagnosis.
 
Even when EM is present patients may not associate it with .
 
their symptoms.
 
The spirochetes are not easily isolated from LD
 
patients. Unlike other microbial pathogens, LD" spirochetes
 
exist in relatively low densities in host tissues. The
 
bacteria are rarely cultured from blood. Cerebral spinal
 
fluid .(CSF)., or synovial- fluid. Spirochetes may be cultured
 
from punch biopsies of the EM rash, but this procedure lacks
 
sensitivity (30-70%) (Schmidt, 1997). The spirochetes are
 
very fastidious and slow growing. Culturing of hD
 
spirochetes requires e complex artificial medium that is
 
relatively expensive.
 
Serological diagnostic techniques based onELISA,
 
Western blotting, and immunoflourescence'assays (IFA) are
 
often used but have known limitations. False-positive tests
 
often occur due to cross-reactive antibodies. Previous
 
infections with numerous kinds of pathogens can lead to
 
false-positive tests. Furthermore, the heterogeneity of
 
spirochete strains and the recognition of several different
 
serotypes may impair specificity. Many LD patients are
 
seronegative (20—50%) depending on the stage of LD,
 
resulting in false-negative test results (Wang et al.,
 
1999). Serologic testing cannot distinguish between active
 
and inactive infections because antibodies may persist after
 
therapy.
 
For many years non-standardized testing methods have
 
complicated LD diagnosis and epidemiology. In,order to
 
standardize LD diagnostics, a two-step procedure was
 
■recently recommended by the Centers for Disease Control and 
Prevention in 1995 (Centers for Disease Control and 
Prevention, 1995a) . It utilizes a flagellar protein based 
enzyme immunoassay (EIA) followed by IgM and IgG Western 
blotting. Though this is an improvement, the test may still 
yield false.results, because.patients may be seronegative in 
the first weeks of the disease. After one month (post­
Infection) only igG Western>lots should be performed
 
because IgM results become unreliable (Wang et al., 19:99)..
 
Further complicating the, issue , is the observation that
 
clinical manifestations often vary from one geographic
 
region to another depending on the species or strain Of
 
spirochete (Steere, 1989; Wormser et al., 1999; Steere,
 
2001). For example, .ACA is almost exclusively a European
 
manifestation, and chronic Lyme arthritis occurs primarily
 
in North American patients (Wang et al., 1999):.
 
The Polymerase Chain Reaction (PGR) has been used for
 
years to detect pathogens in biological specimens. Numerous
 
Studies have been published describing PGR detection of B.
 
burgdorferi (Schmidt, 1997). The PGR technique utilizes
 
primers, which bind to and amplify specific regions of DNA
 
that are'unique .to B. burgdorferi. A variety of primer pairs
 
have been developed.to detect LD spirochetes from different
 
sample types. There are several advantages to PGR Including
 
high sensitivity, high specificity, the ability to detect
 
pathogens, without cultivation, and the ability to
 
distinguish between active and inactive infections,
 
increased sensitivity is important, in LO detection because
 
the spirochetes exist in relatively low numbers in. human
 
body fluids (<50 per ml) (Schmidt, 1997). Some studies have
 
demonstrated the. ability to detect 2 to 10.organisms per
 
reaction (Schmidt, 1997); however, this level, of sensitivity
 
is not always achieved. The main disadvantage of PGR is the
 
lengthy specimen preparation, DNA e.xtraction and
 
purification steps. Though somewhat better than
 
serodiagnostic methods, PGR sometimes may be hampered by
 
contamination and cross-reactivity. PGR sensitivity is often
 
inhibited by extraneous host DNA, proteins, and other
 
compounds, and necessitates DNA extraction and purification
 
(Mauel et al., 1999). Furthermore, specificity is not
 
foolproof. Related bacteria and other pathogens may have
 
similar sequence homology and produce false-positive
 
results. Laboratory contamination due to amplicon carryover
 
is also a source of false-positives. False-negative tests
 
may occur because DNA sequences coding for outer surface
 
proteins (frequently used as primer targets)' may vary
 
according to strain. However, this is not a significant
 
problem among North American strains (Schmidt, 1997).
 
Though there are limitations, numerous studies have shown
 
the validity of PGR to detect spirochetes.
 
The Spirochete
 
When it was identified in the early 1980's, B.
 
burgdorferi was thought to be a.single species of Borrelia.
 
However, recent studies oh hundreds of isolates from ticks.
 
 animals, and LD patients from around-the world indicate that
 
these hacteria are quite diversd (Zingg et al., 1993;
 
Bar^uton et al,., 1992; Mathiesen et al», 1997). LD
 
spirochetes are a heterogenous group of Borrelia known as
 
the B. burgdorferi sensu lato complex. Currently, 10
 
different species, or genomic groups have been recognized
 
within this complex. This number should increase since
 
several isolates have been recovered that are dissimilar to
 
the described species (Wang et el., 1999; Mathiesen et al.,
 
1997).'At this time only three of the described species are
 
known to be pathogenic: B.garinii, B. afzelli, and B.
 
burgdorferi sensu stricto. All three occur in Europe and
 
Asia, while only B. burgdorferi sensu stricto is thought to
 
exist in North America. There is some evidence that B.
 
bissettii sp. nov. (an American isolate), is pathogenic, but
 
this is. unsubstantiated (Wang et al., 1999).
 
Numerous reports have described the biology of Borrelia 
(Wang et al., 1999; Barbour, 1984;■Barbour and Hayes, 1986; 
Schwan et al., 1999) . The spirochetes of the B. burgdorferi 
sensu lato complex are corkscrew shaped, gram-^negative, 
highly motile, and microaerophilic. They range from 10 to 30 
microns in length and 0.2 to 0.5 microns in width, and they 
move,via 7 .to 11 periplasmic- flagella. Borrelia are not 
found in habitats such as soil or water, but exist solely as 
" 10 . 
 extracellular pathogens that cycle between vertebrate hosts
 
and hematophagous arthropods. CBarbour and Fish, 1993).
 
Borrelia burgdorferi has a small and unique genome (1.5
 
megabases total). The genomic structure is composed of ,a
 
double-stranded linear chromosortie (950 Icilobases), and 9
 
linear and 12 circular plasmids. Most genomic research has
 
been conducted using the B31 type strain of B. burgdorferi
 
sensu stricto (Barbour and Garon, 1987; Hinnebusch et al.,
 
1990; Hinnebusch and Barbour, 1991; Fraseret al., 1997).
 
The 853 genes on the chromosome code for proteins enabling
 
DNA replication, transcription, translation, and energy
 
metabolism. However, there are no genes for cellular
 
biosynthetic pathways such as tricarboxylic cycle or
 
oxidative phosphorylation. This diminished metabolic
 
capability probably results from gene loss from more robust
 
ancestors (Fraser et al., 1997) during Borrelia evolution
 
into strict host-associated pathogens. Another interesting
 
feature of this genome is that the linear plasmids have
 
. covalently closed ends (hairpins) similar in structure and
 
sequence to that of poxviruses and, iridoviruses. In Africa,,
 
the iridovirus that causes African swine fever., and the
 
spirochete Borrelia duttoni, reside in the same tick vector,
 
Ornithodoris moubata. There has been speculation that these
 
linear genomes are the result of horizontal genetic transfer
 
■ . 11 
between.viruses and Borrelia ancestors (Barbour and Garon,
 
1987; Hinnebusch and Barbour, 1991). ,
 
The linear plasmids of B. burgdorferi sensu lato
 
contain genes that code for a large family of outer surface
 
lipoproteins with unknown function (Schwan et al., 1999) It
 
is thought that the genome may code for , as many as 105 of
 
these lipoproteins (Fraser et al.., 1997),. The most antigenic
 
and best studied is outer surface protein A (GspA) ., OspA is
 
also used,for serological diagnosis, serotyping of B;
 
burgdorferi sensu lato strains, and the target for vaccines .
 
and PGR primers (Wang et al., 1999). LD spirochetes can
 
regulate the expression of OspA and other lipoproteins
 
(Philipp, 1998; Schwan and Piesman, 2000; Obonyo et al.,
 
1999; Barthold, 1998). Several studies have shown that
 
spirochetes isolated from ticks or cultured in vitro may
 
differ from those isolated from vertebrate hosts (Schwan,
 
1996),. Spirochetes living in ticks express OspA, but as the
 
ticks feed, the intake of blood and increased temperature
 
trigger a down-regulation of OspA and an up-regulation of
 
OspC. It is thought,that this differential expression of
 
surface proteins may be an adaptation that allows the
 
spirochete to survive the rapid transition between two very
 
different hosts. This, phenomenon may explain some of the
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problems with LD diagnosis, because humans often do not
 
produce antibodies against OspA during infection.
 
Lyme Disease Vaccine
 
Two recombinant vaccines have been developed recently
 
that target OspA (Centers for Disease Control and
 
Prevention, 1999a; Centers for Disease Cbntrol and
 
Prevention, 199;9c). One. called LYMErix (SmithKline Beecham
 
Pharmaceuticals), has completed testing and, is available for
 
use. The recombinant OspA (rOspA) is expressed in
 
Escherichla coll. Three 0.5 ml doses are reguired, each of
 
which contains 30 |ig of purified rOspA. The vaccine induces,
 
the production of anfibocjies against OspA. It is expected
 
that the antibodies will enter the midgut of the feeding, ■ 
tick, and kill the bacteria before they have a chance to
 
enter the vertebrate host. Phase III trials indicated , ,
 
efficacies of,80-90%., No trials were performed using,
 
children under 15 or adults over 70, so the vaccine is not
 
recommended for these groups. The LD. vaccine is recommended
 
only for persons who experience frequent or prolonged
 
exposure to tick infested habitats in areas of high LD
 
incidence. This vaccine is. not recommended for routine use.
 
anywhere in California. Only persons who work daily outdoors
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near dense vegetation (such as park rangers) in areas of
 
moderate risk should consider using the vaccine.
 
One of the concerns with the vaccine is the possibility
 
that it may induce autoimmune - reactions in some people who
 
express certain MHG ll molecules (Centers for Disease
 
Control and Prevention, l999a). This is theoretically
 
possible because the main T-cell epitope of OspA mimics the
 
human leukocyte function associated antigen 1 (hlFA-1)
 
(Centers for Disease Control and Prevention, 1999a).
 
Autoimmunity. may occur, resulting in increased inflammation
 
in the joints of some LD patients.
 
Another concern, especially for Europeans, is the
 
possibility that a vaccine based on OspA from,one isolate
 
will not prevent infection by,other heterogenous strains of
 
B. burgdoxferi sensu lato (Wang et al., 1999).
 
Vector Ecology
 
LD spirochetes exist in natural enzootic cycles between
 
ticks and wild animals. The . vectors . of LD are hard ticks
 
(Ixodidae) of the Ixodes ricinus complex. In the United
 
States, these vectors are ,1. scapularis (= I. dammini) and
 
I. pacificus (Schwan, 1996). The European vector is I.
 
ricinus, and the vector in China, Russia,, and Japan is I.
 
persulcatus (Wang et al.., 1999; Jaenson, 1991). The natural
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history of the northern variant of I. scapulaxis has been
 
reported in detail (thJang' et al.,, 1999; Piesman, 1987;
 
Jaenson, 1991; Barbour and Fish, 1993). Unlike most other
 
ticks that have specifio host requirements, the Ixodes
 
xicinus complex will feed on a variety of mammals, reptiles,
 
and birds. These ticks must feed on three separate hosts in
 
order to complete their two-year life cycle. Larva hatch
 
from eggs in the summer and take one blood meal from a small
 
animal such as a bird or mouse. The primary host for both
 
juvenile stages is the white-footed mouse, Peromyscus
 
leucopus. If the animal happens to be infected with
 
Borrelia, the tick may ingest the spirochetes during its
 
four-day feeding. The engorged larva drops to the ground,
 
molts into a nymph, and over-winters under leaf litter.
 
Sequestered in the tick's midgut, some spirochetes survive
 
the molt (and the winter). The nymphs emerge in the spring
 
or early summer and seek another host. At this stage the
 
ticks can feed on a wide variety of vertebrates, large or
 
small. This is important in maintaining the bacteria in
 
enzootic cycles because'infected n^anphs can transmit
 
Borrelia to uninfected mice in the spring. This ensures that
 
infected mice are available to the larvae that hatch in the
 
summer. Nymphs are small, difficult to detect, and readily
 
feed on humans. It is thought that the nymphal stage is
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responsible for most human LD cases (Clover and Lane, 1995;
 
Jaenson, 1991). Having fed in the spring or suitimer, nymphs
 
drop from their host and molt into adults that autumn. Adult
 
Ixodes prefer to feed and m.ate On large animal hosts,
 
especially the white-tailed deer, Odocoiieus virginianus.
 
After feeding for several days engorged females drop to the
 
ground, lay,thousands of eggs, and then die. The larvae
 
hatch from the eggs the following summer to complete the
 
cycle. Transovarial,,or vertical transmission of Borrelia
 
is known to occur, but it is too rare to maintain the ,
 
spirochetes.in nature (Brown and Lane, 1992).
 
Distribution of Lyme.Disease , .
 
B. burgdorfari sensu lato is widely distributed
 
throughout the temperate regions of the v/orld (Wang et al.,
 
1999; Piesman, 1987; Jaenson, 1991). Most human cases of LD
 
occur in the Northern Hemisphere, v;here it is the most
 
common vector-borne disease in the U.S., Canada, Europe, and
 
northern Asia. B. burgdorferi sensu lato has been isolated
 
from Russia, China, Japan, Korea, Taiwan, and North Africa
 
(Alekseev et al., 1998; Wanchun et al., 1998; Wang et al.,
 
1999; Zhioua et al., 1999). Cases of LD have been reported
 
in the Southern Hemisphere, however, B. burgdorferi sensu
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lato has not been isolated from patients, or potential
 
vectors (Wang et. al., 1.999),
 
The distribution and epidemiology of LD is influenced
 
by complex interactions between spirochetes, ticks, animal
 
hosts, and environmental conditions (Dennis et al., 1998;
 
Wilson, 1998; Vail and Smith, 1998; Sonenshine, 1991; Wilson
 
et al., 1985; Shih et al., 1995; Schwan, 1996). Several
 
factors are required for LD to become endemic in a region.
 
Suitable vector ticks {Ixodds ricinus complex) must be
 
present. Ticks must have access to proper habitat and a
 
variety of host animals for each life stage. Ixodid ticks
 
are generally very susceptible to desiccation. In nature,
 
ticks require microhabitats of plant undergrowth and leaf 
litter to provide moisture and refuge during arid conditions 
(Schulze et al., 1998; Jaenson, 1991).. It has■been reported 
that laboratory raised I. pacificus must be maintained at a 
relative humidity of about 90% (Furman and Loofais, 1984) to 
ensure survival. This is supported by the observation that 
I. pacxficus occurs most commonly near coastal mountains. An 
abundance of large animals for adult ticks to feed on 
appears to be a requirement for the maintenance of tick 
populations (Centers for Disease Control and Prevention, 
1999a; Wilson et al. ., 1985) . 
17 
The distribution and epidemiology of LD varies among
 
geographic regions (Wilson, 1998; Oliver Jr. 1996; Jaenson,
 
1991; Barbourand Fish, 1993). In the U.S. LD occurs in
 
several specific foci with the majority of cases (90%) in
 
the northeastern and north central states (Centers for
 
Disease Control and Prevention, 1999a). Several reasons have
 
been suggested for this: the re-forestation of farmland in
 
the east has increased tick habitat, a dramatic population
 
increase in the white-tailed deer Odocoileus virginianus. In
 
certain regions, studies have documented the spread of I.
 
scapularis from infested areas to non-infested areas. Not.
 
only ,has the tick expanded its geographic:range, it has
 
increased its density in endemic regions, and these- trends
 
have resulted in increased human cases of LD (Centers for
 
Disease Control and Prevention, 1997b; Centers for Disease
 
Control and Prevention, 1995b; Centers for Disease Control
 
and Prevention, 1999a; Stafford III et al., 1998). Previous
 
research indicates a positive correlation between deer
 
population density and tick-densities (Wilson et al,, 1985).
 
Though they may prefer deer, adult ticks have been found on
 
medium sized animals, such as foxes, raccoons and opossums.
 
Ticks.are transported to new regions as these hosts travel
 
in search of habitat, food, and mates. Birds have also been
 
shown to be important in tick dispersal (Olsen et al.,
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1995b; Rand et al., 1998; Gylfe et al., 1999). Furthermore,
 
there is evidence that seabirds transport Ixodes ticks and
 
LD spirochetes between continents (Olsen et al., 1995a).
 
Lyme Disease in California
 
Though it has considerably fewer cases than the eastern
 
states, California represents an important LD focus in the
 
western U.S. (Dennis et al., 1998; Centers for Disease
 
control and Prevention, 1999a). Between 1989 and 1998, 1,730
 
cases of LD were reported to the CDC. In 1997, 154 cases
 
were reported in California (Centers for Disease Control and
 
Prevention, 1999b). In 1998, 123 cases were reported, and
 
preliminary data for 1999 indicates 134 reported cases
 
(Centers for Disease Control and Prevention, 1999d). About
 
90% of California cases occur in the northern part of the
 
state (Zingg et al., 1993).
 
In the eastern U.S. LD is transmitted by the
 
blacklegged tick Ixodes scapularis. In the coastal regions
 
of Washington, Oregon and California, LD is transmitted by
 
the western blacklegged tick Ixodes padficus Cooley and
 
Kohls (Dennis et al., 1998; Lane et al., 1991; Furman and
 
Loomis, 1984). The ranges of these two species do not
 
overlap, and there are important differences in their life
 
cycles. Specifically, B. burgdorferi sensu lato are
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maintained in somewhat different enzootic cycles in the
 
western U.S. (Lane et al., 1991; Brown and Lane, 1992;
 
Centers for Disease Control and Prevention, 1999c). Despite
 
a diverse host range, I. pacificus nymphs usually do not
 
feed on deer mice (Perorayscus manlculatus) (Peavy and Lane,,
 
1995), but instead prefer lizards which are not competent
 
reservoirs for B. burgdorferi (Lane and Quistad, 1998;
 
Wright et al., 1998). Several rodents appear to be involved
 
in spirochete maintenance, but the main reservoir host in
 
California is the dusky-footed.wood rat Neotoma fuscipes
 
Baird (Peavy etal., 1999; Brown and Lane,- 1996; Zingg et
 
al., 1993). B. burgdorferi sensu lato are maintained in a
 
cycle between the wood rat and the tick I. neotomae Cooley
 
(Keirans et al., 1996). This tick does not belong to the I.
 
ricinus complex, it has a host range limited to rodents and
 
lagomorphs, and it does not bite humans. Spirochete
 
infection rates for I. neotomae are much higher (15%) than
 
I. pacificus (usually 1-2%) (Lane and Stubbs, 1990), thus
 
the former appears to be a more efficient maintenance
 
vector. Due to its wide host range, I. pacificus is
 
important as a bridge vector to other species including
 
humans.
 
Kain and others, (Kain et al., 1997) recently studied
 
I. pacificus population genetics using 12 allozyme loci.
 
20
 
These - authors compared .,1. .pacificus collected throughout the
 
western U.S.'They found little:differentiation among widely ,
 
dispersed tick populations, and concluded that this was
 
probably due to a high rate of gene flow. They cite the
 
broad host range of I, pacificus and great mobility of its
 
hosts as.reasons for the high gene flow. Another possible
 
reason for lack of differentiation could be that I.
 
pacificus has experienced a recent and rapid expansion of
 
its geographic range.
 
LD is rare in southern California though both I.
 
pacificus and B. burgdorferi can be found here. Very little
 
data has been published concerning LD or any tick-borne
 
zoonosis in southern California. More studies are needed in
 
this area to determine the prevalence, ecology, and risk of
 
tick-borne pathogens near the major human population center
 
in California. , .
 
A search of LD literature has revealed a few reports
 
from the early 1990's: the first, isolation of B. burgdorferi
 
from a, tick in southern California occurred in Orange
 
County. During a seven-year period (1984 to 1991), the
 
Vector Control District of Orange County collected and
 
tested 328 I. pacificus ticks. In February 1991 a group of
 
31 ticks wpre.collected from San Clemente. B. burgdorferi:
 
was cultured from one of these ticks. The California
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Department of Health Services identified B. burgdorferi by
 
iinmunoflourescent microscopy using monoclonal antibodies
 
H5332, and H68 against OspA and OspB, respectively (Meyers et
 
al., 1992). The first case of LD and isolation of B.
 
burgdorferi in San Bernardino County also occurred in 1991.
 
In February, a 55-year-old male was bitten by an I.
 
pacificus on the lower left abdomen while hiking in the San
 
Gabriel Mountains hear an area known as "Tick Overlook". Two
 
days later he developed an EM rash eight cm in diameter, and
 
sought medical aid. LD was diagnosed (based on the rash) and
 
treated with tetracycline. Months later the patient
 
experienced pain and swelling in the left knee. Serologic
 
tests for LD were negative, but this is common in early
 
stage LD following antibiotic treatment. Symptoms resolved
 
after five days. This case prompted collection and testing
 
of I. pacificus ticks from the region visited by the hiker.
 
Spirochetes were.found in these ticks, but there is no
 
report of the number of ticks collected or infection rates.
 
In 1992 it was reported that LD spirochetes were
 
isolated from one of eight wood rats sampled from the San
 
Bernardino Mountains in San Bernardino Cbunty (Boyce et al.,
 
1992).
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Purpose of This Study
 
The purpose of this thesis research is to determine the
 
prevalence of LD spirochetes in adult I. pacificus ticks
 
from San Bernardino County, California. This work is
 
necessary for several reasons. Because ticks are vectors of
 
several important diseases, there is a need to determine
 
tick occurrence and infection rates in local areas (Telford
 
et al.', 1997).
 
While considerable LD research has been conducted in
 
northern and central California, published reports for the
 
southern part of the State are rare. A review of LD
 
literature reveals little recently published data for this
 
area. Therefore, this research will investigate B.
 
hurgdorferi infection rates and provide a baseline for
 
future studies. Recently, investigators (Dennis et al.,
 
1998) reported, a risk map based on the distribution of I.
 
scapularis and I. pacificus in the U. S. Their study
 
resulted in a map of U.S. counties where these two species
 
are known to occur. The authors have called for more studies
 
to better pinpoint the locations of vector ticks within
 
counties. Surveillance by local health departments indicates
 
that infection rates are low (Dr. Lai Mian, personal
 
communication).
 
 . This study is warranted because:little is known of
 
tick—borne pathogens in southern California. There is a lack
 
of recently published research of this type. The study site
 
is significant because it is heavily used for recreation,
 
and is close to the human population center of the Los
 
Angeles basin.. This work is, also warranted because the
 
ecology and epidemiology of LD are dynamic. There is a need
 
for constant surveillance because factors like climate,
 
host-parasite interactions, and vector densities and
 
distribution may change over time.
 
study Location
 
Although, most of southern California is desert, tall
 
mountains (up to ~30Q0 meters). in western San Bernardino
 
County receive enough precipitation in the winter to provide
 
suitable habitat for Ixodes ticks. The San Gabriel and San
 
Bernardino Mountain ranges contain permanent lakes, streams,
 
and diverse habitat. Num.erous types of animals are found in
 
this area.ranging from deer to small rodents, birds and
 
reptiles. In this study, I. pacificus ticks were collected
 
within western San Bernardino County along selected regions
 
of the Pacific Crest Trail and adjacent areas..The Pacific
 
Crest Trail (PCT) is an important study .site because this
 
trail extends, the entire length of the country, from Canada
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to Mexico, through the we'stern states of Washington, Oregon,
 
and California.- The trail is heavily used by horseback
 
riders, day-hikers, anglers, and backpackers (often
 
accompanied by dogs). In Southern California the PCT follows
 
virtually the entire length of both the San Gabriel and San
 
Bernardino Mountain ranges. At various points along its. path
 
the trail can be <30 kilometers (km) from the densely
 
populated cities of the Los Angeles basin. In some areas the
 
PCT is bounded by steep cliffs and/or very dense brush,
 
thus, it is probable that wild animals such as deer, coyote
 
or bobcats may occasionally use the trail. Scat from many
 
types of animals (horse, dog, deer, and rabbit) has been
 
observed directly on the trail. Dens constructed by the •
 
dusky-footed wood rat Neotoma fuscipes occur frequently
 
along side the trail. These animals are important to the
 
■maintenance 	of B. burgdorferi in Northern California. It 
would appear that this region provides all the prerequisites 
for tick survival: microclimates with high relative 
humidity, s variety of hosts necessary for each stage of the 
tick life cycle, and a long narrow trail to maximize host 
contact. It is interesting to consider that the.PCT might be 
a conduit for long distance dispersal of ticks (and 
pathogens) .within California. 
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CHAPTER ;:TWO
 
MATERIALS AHD METHODS
 
Tick Collection
 
Numerous ticks were.flagged from vegetation at several
 
sites in San Bernardino County, CA, including the Pacific
 
Crest Trail (PCT) (Table 1). The flag was constructed by
 
attaching a thick polyester cloth to a one meter-long wooden,
 
dowel. The flag was swept across grass and other plants on
 
the trail and on areas immediately adjacent to trail.
 
Flagging may be more efficient than "dragging" in rough
 
terrain such as chaparral (Moore and Gage, 1996). Ticks were
 
placed in polypropylene tubes with a moist cotton ball. In
 
the lab ticks were identified as to species, sex and life
 
stage according to standard taxonomic keys (Furman and
 
Loomis, 1984), and stored individually in 1.5 milliliter
 
(ml) microfuge tubes,in 70% ethanol.
 
Specimen Preparation
 
The I. paclfieus ticks were prepared in the following
 
manner prior to PCR testing. Nearly all ticks were
 
processed in pools of three according, to collection site,
 
date, and.sex, A few ticks were processed in pairs or
 
singly. Ticks were removed from ethanol, air dried on
 
sterile filter paper for 10 minutes, placed in 0.5 ml
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microfuge tubes (3 ticks each) and covered with 200
 
microliters (}al) of sterile phosphate buffered saline (PBS).
 
Small sterile scissors and disposable pestles were used to
 
homogenize the ticks. Samples were vortexed,and centrifuged
 
at slow speed for 30 seconds to pellet gross debris as
 
previously described (Johnson et al., 1992,). Most of the
 
supernatant (180 |.il) was drawn off for further processing
 
while the pellet and 20 jil of PBS were saved for dark-field
 
microscopy.
 
Because tick hemolymph inhibits PGR, it is crucial to
 
separate DNA from the homogenate. A commercial DNA
 
extraction kit (DNeasy Tissue, Kit:, Qiagen # 69604 Santa
 
Clarita, CA) was employed in a manner similar to previous
 
work (Mauel et al., 1999). The kit uses several proprietary
 
reagents and spin columns with silica membranes to separate
 
genomic DNA from tissue samples., As directed by the Qiagen
 
manual, each 180 |xl of tick supernatant was placed in a 1.5
 
ml microfuge tube with 180 jJ^T of lysis buffer and 20 |j.l of
 
proteinase K. Samples were incubated for 1 hour at 55°C, and
 
then 2 hours 25°C. The protein digestion was stopped by a 10
 
minute incubation at 70°C. Samples were pipetted into Qiagen
 
spin columns and spun to remove PGR inhibitors.. After.
 
several wash steps, genomic DNA was eluted from the column
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in 100 |Lil of buffer bycentrifugation at 8000 rpm for 1
 
minute. A 5 fxl aliquot of. the eluted DNA was used as the
 
template for.the PGR reaction.
 
Assay Protocol
 
The PGR assay used.in this study has been modified from
 
previous work (Keirans et al., 1996; Brown and Lane, 1996;
 
Johnson et al., 1992; Oliver Jr. et al.,, 1996). Two pairs of
 
oligohucleotide primers (Life Technologies, Grand Island NY.)
 
were used to amplify DNA sequences found in the ospA and
 
flagel'lin [fla] genes of B, burgdorferi reference strain
 
B31. The ospA targeted primers ospA-149 (5'­
TTATGAAAAAATATTTATTGGGAAT-3') and ospA-319 (5'­
GTTTTGTAATTTGAAGTGGTGAGG-3') amplify most of the ospA gene
 
forming a 795-bp amplicon. The pairing of this primer set
 
has been modified from previous methods (Keirans et al.,
 
1996; Brown and Lane, 1996; Oliver Jr. et al., 1996). The
 
second primer pair is designated jfia-245 (5'­
AAGTAGAAAAAGTGTTAGTAAGAATGAAGGA-3') andfIa-855 (5'­
AATTGGATAGTGAGTAGTATTGTTTATAGAT-3')• Previous studies have
 
demonstrated that these primers amplify a 610-bp region in
 
the flagellin (fla) gene of the B31 strain (Johnson et ai.,
 
. 1992).
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A PGR premix {MasterAmp PreMix "D" Epicentre
 
Technologies, Madison, WI) was used in each reaction which
 
contained 10 luM Tris-HCl (pH 8.3), 50 itiM KCl, 2 mM MgCla,.
 
200 of each deoxynuCleotide ttiphosphate. PGR mixtures
 
also received 50 pmol of,each primer, 2.5 U of Tag DNA
 
Polymerase, and 5 |al of template DNA for a final reaction
 
volume of 50 |il. Pure genomic DNA, 0.5 nanograms (ng), from
 
B. jburgdorjferi sensu.stricto reference strain B31 (ATGG
 
35210D) was used in each PGR run as a positive control. This
 
is roughly equivalent to 500,000 spirochetes. Sterile
 
distilled water was used as a negative control.
 
The target DNA was amplified in a thermal cycler
 
(Eppendorf, Hamburg, Germany). The. PGR conditions for ospA
 
primers were: denature at 95°G for 60 seconds, anneal at
 
50°G for 45 seconds, and extend at 72°G for 120 seconds for
 
a total of 45 cycles..
 
The PGR conditions for the fla primers were: denature
 
at 94°G for 30 seconds, anneal at 55°G for 60 seconds, and
 
extend at 72°G for 120 seconds for a total of 40 cycles.
 
PGR products were electrophoresed in 1.5% agarose gels
 
(Promega), stained with ethidium bromide (Sigma), and
 
visualized on a UV light transluminator. Electrophoresis
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gels were photographed with a Kodak DC-290'digital camera
 
(Rochester^ NY). ,
 
Sensitivity Controls
 
Live B. burgdorfBtl sensu stricto B31 (ATCC 35210)
 
cells and wild caught I. pacificus adults were used to
 
evaluate the sensitivity Of this assay. Spirochetes were
 
cultured in BSK-II medium under microaerophilic.conditions .
 
at 32'C for 6 days, then enumerated on a Petroff-Hauser 
counting chamber by dark-field microscopy (Schwan et al., ■ 
1999). Serial dilutions of spirochetes were prepared and 
known quantities of the cells were spiked into tick 
homogenates. The sample preparation and PGR protocol were 
then performed in the same manner as the experimental 
specimens. 
Several sensitivity tests were performed; the data from
 
one such test is; presented in Figure 1. The data in Figure 1
 
shows an electrophoresis gel with amplificatipn products
 
(bands) following a PGR run. Spirochetes were detected when
 
2000, 1000, and 500 spirochetes were spiked into tick
 
homogenates (lanes 3, 4, and 5 respectively). No band was
 
produced when only 250 spirochetes, were employed (lane 6).
 
Note that the band in the lane 3 is much brighter than the
 
band in lane 4. Additional tests were not always this
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Figure 1. Sensitivity Test ThiS; agarose gel shows
 
detectioa of serial dilutions of B. burgdorferi spiked into
 
tick homogenates. Lane 1, 100 base pair ladder; Lane 2, not
 
used; lane 3, 100 cells detected (2000 spiked into ticks);
 
lane 4, 75 cells detected (10,00 spiked into ticks); lane 5,
 
25 cells detected,(500 spiked into ticks); lane 6, 0 cells
 
detected (250 spiked into ticks); lane 7, negative control
 
(sterile distilled water); lane ,8, positive control with a
 
band at 610 base pairs (245/855.flagellin primers).
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sensitive (data not shown), but bands were routinely
 
produced when 2000 to 1500 spirochetes were spiked into
 
ticks. Bands were frequently, but not always, produced when
 
1000 to .500 spirdCheteS were used. Bands were never seen
 
when less than 500 splrocttetes were used. As stated before,
 
tick homogenates.were passed thrdugh the Qiagen spin column
 
to remove impurities, and then eluted into 100 jxl of buffer.
 
Of this pure genomic DNA,. 5 jal was used for each PGR
 
reaction. When the dilution factor is considered (2000
 
cells/100 }xl X 5 111 for PGR = 100 cells), the sensitivity of
 
this assay can be determined. Based on the results in Figure
 
1 and additional tests, it appears that this assay can
 
routinely detect about 75 to IQO spirochetes per PGR
 
reaction. The assay can occasionally detect as few as 25
 
spirochetes per PGR reaction. Another Consideration is that
 
the ticks Were originally homogenized in 200 |il of PBS, of
 
which only 180 |il was used for DNA purification and PGR.
 
About 20 |il was saved for dark^field microscopy. Thus, not
 
all of the spirochetes were recovered and the assay may be
 
10% more sensitive.
 
CHAPTER THREE
 
■ RESULTS 
Tick Collections ,
 
Between December 1998 and February .2000, 1,781 ticks
 
were flagged from several locations within the mountains and
 
foothills of San Bernardino County, CA (Table 1). Numerous
 
ticks were taken from sites on the Pacific Crest Trail
 
(PCT)r Additional ticks were found from several sites within
 
the county that were not associated with the PCT. Most sites
 
were visited more than once. All ticks collected were
 
questing adults; no larvae or nymphs were found. Of the
 
three.species found in this study, I. pacificus accounted,
 
for 42.3% (n-754), Dermacentor occidentalis comprised 38.3%
 
(n=683), and Dermacentor variabilis was 19.3% (n=344) of the
 
total (Table 2). D. variabilis MJas found at only one site
 
(I), and it was the only species collected from that site.
 
Site I., is noteworthy because,it is located in the Mojave .
 
Desert. The ticks were collected from a horse riding trail
 
in a cottonwood forest that parallels the Mo.jave. River. Tick
 
density appeared rather high as 344 ticks were.collected in
 
less than three hours. The site seems to be a relatively
 
small area of; suitable habitat in an otherwise hostile
 
desert environment.
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Table 1. Tick Collection Sites Along the Pacific Crest
 
Trail and Other Areas in Sah Bernardino County.
 
SITE LOCATION . ' ,
 
Pacific Crest Trail
 
A West of Swarthout
 
Canyon Rd
 
Pacific Crest Trail ,
 
B East of Swarthout
 
Canyon Rd
 
Pacific Crest Trail
 
C at Silyerwood Lake
 
Campground
 
Pacific Crest Trail
 
D at Splinter's Cabin
 
(Deep Creek)
 
Smiley Park
 
E
 (Running Springs)
 
Badger Canyon Trail
 
F
 
Icehouse Canyon
 
G
 
Trail
 
Sweetwater
 
H Campground
 
.Mojave Narrows Park
 
I
 (Victorville)
 
Cucamonga Canyon

J (Rancho Cucamonga)
 
LATITUDE'/
 
LONGITUDE
 
34°17'7117°30'
 
3-4°17'7117°30'
 
34°17'7117°22'
 
34°16'7117°07'
 
34°11'7117°07'
 
34°11'7117°18'
 
34°15'7117°38'
 
34°11'7117°19'
 
34°31'7117-16'
 
34°10'7117°37' .
 
ELEVATION
 
(METERS)
 
1,097 - 1,463
 
900 - 1,000 :
 
1,100 - 1,200
 
1,500 - 1,600
 
1,650
 
980 - 1,040
 
1,600 - 2,200
 
920
 
804
 
850
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Table 2. Tick Nurnbers,and Coliecbibri Sites...
 
{FAMILY: IXODIDAE)

.SPECIES.OF.TICKS
 
DATE OF Ixodes permacentor Dermacentor
 
SITE COLLECTION,.. p<3cj[ficus : occidentaliB: variabilis
 
male
 female male . female male female .
 
19 Dec 1998 . 62 64; ; ■' 2 3 0 . .0 
; 4 ^ 024 Jan 1999 89 77 . 5 0 
A 
27 Mar 1999 50 35 15 16 0 0 . , 
18 Apr 1999 24 . 19 4.4 .72 0 0 . Y 
31 Mar 1999 0 1 37 72 - 0 0 
b:	 17 Apr 1999 0 0 ■ 18 9 0 0
 
25 Apr 1999 0- 0 7 56 7 8 0. 0
 
12	 Feb. 1999 0 . 1' 9 0 0 0 
016 Feb 1999 0 2 19 23 0 
15 Mnr 1999 0 0 25 23 0 0 
06 Feb 2000 4 2 .4; ■ - 5 0 , 0 : 
15 May. 1999 9 . 5 ' 31 15 0 0 . 
D 05 Jul 1999 0 0 1' 2 0 0 
05 Feb 2000 120 185 19. 17 0 0 
16 May 1999 1 0 , 0 0 0 0 
10 Oct 2000 . 2 1 .0 . 0 0 0 
hTP
0 9 Apr 1999 0 0 3 3 ^ 0 0
 
.17 Apr 1999 0 0 2 . 3 0 0
 
G: 03 ^ Jul 1999 0 0 0 0 0 0 
. H 05 Mar .1999 0 ■■ 1 0 1. 0 0 
I 09 May .1999 0 0 0 .0 160 184 
22 Jan 2000 . 0 . 0 18 .29 0 0 
Subtotal: 361 39.3 307 37 6 . 160 184. 
Species Totals: 754 ■ 683 . 344 
35 
The majority of I. pacificMS l98%) were found at just
 
two sites 23 km apart from each other on the PCT,.
 
Designated.as sites A and D, they have similar latitude,
 
elevation., and habitat, but are on different mountain ranges
 
separated by the Cajon Pass. At site A (San Gabriel
 
Mountains) 420 ticks were taken, and site 0 (San Bernardino
 
Mountains) yielded 319 ticks.
 
Assay Results
 
All ticks tested negative for B. burgdorfari infection.
 
Neither the ospA, nor the fla primers produced the expected
 
amplicons,for the samples under test. Each PGR assay was
 
performed with both a positive and negative control. The
 
positive control was pure genomic DNA (0.5 ng) from B.
 
burgdorferi reference strain B31. For the negative control,
 
sterile distilled water was substituted for the DNA sample.
 
In every PGR run the positive control produced a clearly
 
visible band of the appropriate size, while the negative
 
control showed no band at all (Figure 2).
 
It appears that several false positives were generated
 
during the assay (n=8)(data not shown). Bands that
 
corresponded to the correct amplicon size were visible
 
following an initial PGR run with the ospA primers. All of
 
these bands were faint, and none could be duplicated
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Figure 2. Assay Results., This agarose gel (showing negative 
results) was produced, after the polyitierase chain reaction 
assay. Lane/l, 100 base pair ladder; lane 2-18, samples 
under test (negative results); lane 19, negative control 
(sterile distilled water) ; lane 2,0, pdsitive control with 
band at 610 base pairs (245/855 flagellin pfimers) . 
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following additional rnhs with.;;:both;'^p^^ sets. The cause
 
is unresolved, however^l one possible explanation could be
 
that the PGR tubes were contaminated by carry-over of
 
control DNA via the pipettes. It was later noted that many
 
of the 30 jJil disposable pipette tips (aerosol resistant
 
barrier) (Fisher Scientific) used in the assay had very
 
loose cotton plugs. Many of the lanes with the false
 
positive bands also had additional bands of various sizes
 
possibly caused by spurious priming. Since the false
 
positives and extraneous bands were limited to the first few
 
PGR runs, this may indicate a transient contamination
 
anomaly that did not reoccur in later runs.
 
Dark-Field Microscopy
 
All tick pools were negative for spirochetes when
 
examined by dark-field microscopy. Approximately 200 fields
 
were examined from 20 |Xl aliquots of tick homogenates using. ^
 
400x magnification with a Nikon Optiphot UFX-11 microscope.
 
The ability to visualize LD spirochetes in alcohol.preserved
 
ticks has not been reported. However, fresh tick homogenates
 
were compared microscopically with preserved tick
 
homogenates, and both homogenate types were similar in
 
appearance.
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Dead bacterial rods, slender tissue fibers and other minute
 
objects (<0.2 microns) were visible in the preserved
 
specimens. It is plausible that B. burgdorferi could have
 
been detected if it were present.
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CHAPTER FOOR
 
DISCUSSION .
 
The data presented here indicate a very low infection
 
rate (0%) for B. burgdorferi in adult I. pacificus from some
 
areas of San Bernardino County. This study agrees with
 
previous reports that ,5. hurgdorferi infection rates in
 
California are low (Schwan et al., 1993),, and confirms that,
 
infection rates in the southern part of the state are,lower
 
than those in Northern California (Meyers, et al., 1992).
 
Numerous studies have shown that the infection rate in'
 
Northern California is typically 1-2% (Brown and .Lane,
 
1992). . '
 
Since B. burgdorferi isolates had been obtained from
 
San Bernardino.County previously (Boyce et al., 1992; Meyers
 
et al., 1992), it was anticipated that some of the ticks in
 
this study would test positive by PCR. However, it is
 
possible that, the prevalence of spirochetes in ticks varies
 
between locations within the County. Similar investigations
 
of I. riclnus in a national park in Ireland revealed
 
significant variation in the distribution and prevalence of
 
LD spirochetes between five park locations (Kirstein et al.,
 
1997).
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,The ability to detect spirochetes from tick samples is
 
dependent upon the,sensitivity of the assay. Sensitivity is
 
affected by several factors including the.amount of
 
spirochete DNA in each tick, and the presence of PGR
 
inhibitors. Efficient DNA extraction is crucial to obtaining
 
sufficient template DNA and elimination of inhibitors (Mauel
 
et al., 1999). Many different methods of extracting genomic
 
DNA have been developed and some of these techniques are
 
quite complex and labor intensive. Methods ranging from
 
simple boiling of tick homogenates to chloroform extraction
 
with ethanol precipitation have been employed (Schmidt,
 
1997). Therefore, it is not surprising that PGR sensitivity
 
levels Vary widely. Previous investigators have reported
 
sensitivities ranging from two to 1000 cells per reaction
 
(Johnson et al., 1992).
 
The sensitivity of the present assay was evaluated by
 
spiking known quantities of B. burgdorferi sensu stricto B31
 
into homogenates of I. pacificus ticks. Sample preparation
 
and PGR protocol were performed in the same manner as the
 
experimental specimens. Spirochetes were routinely detected
 
when 2000 to 1500 spirochetes were spiked into ticks. They
 
were frequently, but not always, detected when 1000 to 500
 
spirochetes were used. Spirpchetes were never detected when
 
less than 500 spirochetes were spiked into the ticks. Based
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on the results in Figure 1 and edditionar t^sts, it appears
 
that this assay can routinely deteGt about 75 to 100
 
spirdchetes per PGR reaction. The assay can occasionally
 
detect as few as 25 spirochetes per PGR reaction.
 
This inarginal sensitivity may be a result, of the
 
specimen preparation procedurei.^ It has been suggested that
 
use of the Qiagen spin column may reduce -detection
 
efficiency (Mauel et al..^ 199:9). It is possible that DNA
 
bound to the silica matrix in the column may not be released
 
efficiently during the, elution step. This could be a
 
significant problem if samples contain very small amounts of
 
target DNA. This would result ... in less available template DNA
 
and reduced sensitivity. Furthermore, it is conceivable that
 
passing the contents of pooled ticks through the column may .
 
overload, the silica matrix with impurities. These
 
considerations .require:further investigation.
 
Some researchers have used nested PGR protocols to
 
greatly increase sensitivity by a factor of 1000 or even
 
100,000 (Schmidt, 1997). However, the drawback to this
 
tremendous sensitivity is that false-positives become much
 
more likely. In one study, l.,6% of tick pools were false-

positives (Johnson ,et al., 1992)., The standard PGR protocol
 
used in this study generated about 3% false positives. The
 
cause of these false positives is unresolved.
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Another procedure'often u$ed is to boil ticks for five
 
or ten minutes (Keirans et al :1996; Brown and Lane, 1996;
 
Curran et al., 2000). This step is sometimes preceded by
 
proteinase K incubation (Liebischet al., 1998; Mauel et
 
al., 1999). It is simple,and straightforward, however, it is
 
thought that this method.underestimates tick infection rates
 
by 20% due to low.sensitivity .(Johnson et al., 1992).
 
Nevertheless, others (Liebisch et al., 1998) have used this
 
method on I. ricinus,ticks and reported detection of ten
 
spirochetes per PGR reaction. ­
Given the nature of PGR sensitivity it is important to
 
determine how many spirochetes can reside,in a tick vector.
 
Piesman and associates allowed larval I. scapularis (=1.
 
dammini) to feed on infected Syrian hamsters, then measured
 
B. burgdorferi loads through the two molts to adulthood
 
(Piesman et al., 1990).. Spirochetes multiplied rapidly
 
inside ticks, from 2,038 on day six (larva) to 61,275 on day
 
75 (nymph). Eight infected female adults were examined,, and
 
it was found that spirochete loads ranged from 1,607 to
 
10,900 per tick. Four male adults we,re found to have
 
infections ranging from 1,787 to 3,513 spirochetes. The
 
authors observed a 10-fold decrease in spirochete numbers ,
 
following, the molt from nymph to adult stage. The
 
researchers then inoculated, hamsters with these tick
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homogenates to determine Infectivity potential. It was
 
learned that greater than 10,000 spirochetes were required
 
to routinely infect hamsters, and that 1000 to 10,000
 
spirochetes only infected some hamsters (35%). No hamsters
 
were infected when.spirochete counts were less than 1000.
 
In another study researchers collected 30 I. scapularls
 
adults from three coastal Massachusetts.sites (Brunet et
 
al., 1993). They used dark-fidld microscopy and indirect
 
immunofluorescence to estimate spirochete density in each
 
tick gut. They found an average num.ber of 2,008 spirochetes
 
(range: 950 to 4,350, median - 1,925) per tick.
 
These studies show that spirochete numbers in I.
 
scapularls tend to be greater than 1,500 following
 
artificial and natural infection. If B. burgdorferl has
 
similar growth kinetics in J. pacificus, then the
 
sensitivity of the assay reported here (about 1,500 cells ,
 
per tick) should be adequate for spirochete detection.
 
The studies mentioned above have several public health
 
implications. In California.adult ticks can transmit LD to
 
humans, however, most cases probably result from nymphs
 
.(Clover and Lane, 1995). It appears that an infected nymph
 
could harbor thousands of spirochetes, and then lose most or
 
all of them during the next molt. In this scenario, an assay
 
that used only adult ticks might underestimate a potential
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 lie health threat. However, another factor to consider is
 
that adults might be good sentinels for the presence of LD,
 
because they have fed on two separate hosts. Questing nymphs
 
have only fed once,, and that was during their larval stage.
 
Adults will.have fed twice, and therefore have double the
 
chance of obtaining spirochetes from host animals.
 
.This study could have been improved in several ways.
 
The original intent of this work.was not to use microscopy
 
or to culture bacteria from ticks, but merely to-screen for
 
B. burgdorferi in alcohol preserved ticks. However, the
 
results would have been more reliable if aliquots from live,
 
ticks had been used for dark-field microscopy. Furthermore,
 
aliquots from live ticks could have been used to culture
 
spirochetes, and thereby increase template DNA for PGR. In
 
addition, since 98% of the ticks came from only two areas,
 
it would have, been better if more ticks had been collected .
 
from different regions in the County.
 
> This study indicates a very low infection rate for Lyme,
 
disease spirochetes in adult I. pacificus in San Bernardino
 
County. More research is needed to gain insight into vector-

born diseases and their epidemiology in Southern California.
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